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(54) SURFACE COATING TUNGSTEN CARBIDE-BASE CEMENTED CARBIDE GEAR CUTTING TOOL 
SHOWING EXCELLENT CHIPPING RESISTANCE AT HIGH-SPEED GEAR CUTTING MACHINING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface coating tungsten carbide-base cemented carbide gear 
cutting tool showing excellent chipping resistance at high-speed gear cutting machining. 
SOLUTION: In this surface coating tungsten carbide-base cemented carbide gear cutting tool made by 
evaporating a hard coating layer on the surface of a tungsten carbide-base cemented carbide base 
substance at an average layer thickness of 0.5 to 7 jU m, the tungsten carbide-base cemented carbide base 
substance is made of tungsten carbide-base cemented carbide having different compositions at a 
ring-shaped inside portion and at a ring-shaped outside portion including an edge portion. The outside 
portion is made of a tungsten carbide-base cemented carbide having a specific gravity of 5 to 10% smaller 
than that of the tungsten carbide-base cemented carbide of the inside portion. When the whole thickness of 
the gear cutting tool is expressed by (an outer diameter x 1/2 - a center hole diameter x 1/2), the 
thickness of the outside portion is made to be 20 to 60% of the whole thickness. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the pure [ made from surface coating tungsten carbide radical cemented carbide ] crisp tool 
which comes to carry out vacuum evaporationo formation of the hard enveloping layer by 0.5-7-micrometer 
average thickness on the front face of a tungsten carbide radical cemented carbide base It constitutes from 
tungsten carbide radical cemented carbide which has the component presentation in which the ring-like 
inside section differed the above-mentioned tungsten carbide radical cemented carbide base from the 
ring-like lateral part containing a cutting part. And it constitutes from tungsten carbide radical cemented 
carbide which has specific gravity small 5 to 10% as compared with the specific gravity in which the tungsten 
carbide radical cemented carbide of the above-mentioned inside section has the above-mentioned lateral 
part. Furthermore, the thing for which thickness of the above-mentioned lateral part was made into the 
thickness equivalent to said 20 - 60% of whole thickness when the whole above-mentioned tungsten carbide 
radical cemented carbide base thickness was expressed with (diameter xof outer-diameter x1/2-feed hole 1 
/ 2), The pure [ made from surface coating tungsten carbide radical cemented carbide ] crisp tool which 
demonstrates the chipping-proof nature which is high-speed crisp processing by which it is characterized, 
and was excellent. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Also when this invention performs crisp processing at high speed, there is no 
generating of a chipping (minute chip) in the cutting blade edge line part which the flank which constitutes a 
tooth flank, and a rake face cross, and it is related with the pure [ made from surface coating tungsten 
carbide radical cemented carbide ] crisp tool (henceforth a covering carbide gear cutter) which 
demonstrates the outstanding crisp engine performance at a long period of time. 
[0002] 

[Description of the Prior Art] Conventionally, chemical vacuum deposition and/or the becoming covering 
carbide gear cutter which comes to carry out a physical vapor deposition are used in a hard enveloping layer 
by 0.5-7-micrometer average thickness on the front face of the covering carbide gear cutter of an 
automobile, the aircraft, and the configuration illustrated by crisp processing of these gearings' tooth form 
with an outline perspective view in recent years at drawing 1 although various gearings are further used as 
structural members, such as various driving gears, (solid hob), i.e., a tungsten carbide radical cemented 
carbide base, (henceforth a superhard base). 
[0003] 
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[Problem(s) to be Solved by the Invention] On the other hand, although the demand of low-cost-izing is 
strong to the laborsaving and energy saving to crisp processing in recent years, and a pan and crisp 
processing has high performance-ization of a cutting machine in the inclination of improvement in the speed 
conjointly in connection with this In the above-mentioned conventional covering carbide gear cutter, when 
this is used for crisp processing on the usual conditions, it is satisfactory, but when this is used on 
high-speed crisp conditions, minute oscillating blurring generated with high-speed rotation is the cause. The 
present condition is becoming easy to generate a chipping in the cutting blade edge line part which especially 
the rake face of a tooth flank and a flank cross, and resulting in a use life comparatively as a result for a 
short time. 
[0004] 

[Means for Solving the Problem] Then, this invention person etc. pays his attention to the above-mentioned 
conventional covering carbide gear cutter from the above viewpoints. The result of having inquired the 
covering carbide gear cutter which demonstrates the chipping-proof nature excellent in the cutting blade 
edge line part in a tooth flank being developed also when this is used on high-speed crisp conditions, The 
superhard base which constitutes a covering carbide gear cutter is divided into the ring-like inside section 
and the ring-like lateral part containing a cutting part along the die-length direction. It compares with the 
specific gravity in which the cemented carbide of said inside section has the specific gravity which the 
cemented carbide which consists of tungsten carbide radical cemented carbide (henceforth cemented 
carbide) of a presentation different, respectively, and constitutes said lateral part has. As specific gravity 
small 5 to 10% While making weight of said lateral part small as compared with it of said inside section 
relatively If thickness of said lateral part is made into the thickness equivalent to said 20 - 60% of whole 
thickness when said whole superhard base thickness is expressed with (diameter xof outer-diameter 
x1/2-feed hole 1 / 2) In the covering carbide gear cutter of this result, oscillating blurring generated with 
high-speed rotation comes to be controlled remarkably. Chipping generating especially in the cutting blade 
edge line part of a tooth flank was prevented, and the research result of having continued at a long period of 
time and coming to demonstrate the outstanding cutting-ability ability was obtained from the angular 
moment stabilized extremely being shown. 

[0005] In the covering carbide gear cutter which this invention is made based on the above-mentioned 
research result, and comes to carry out vacuum evaporationo formation of the hard enveloping layer by 
0.5-7-micrometer average thickness on the front face of a superhard base It constitutes from cemented 
carbide which has the component presentation in which the ring-like inside section differed the 
above-mentioned superhard base from the ring-like lateral part containing a cutting part. And it constitutes 
from cemented carbide which has specific gravity small 5 to 10% as compared with the specific gravity in 
which the cemented carbide of the above-mentioned inside section has the above-mentioned lateral part. 
Furthermore, when the whole above-mentioned superhard base thickness is expressed with (diameter xof 
outer-diameter x1/2-feed hole 1 / 2), it has the description in the covering carbide gear cutter which 
demonstrates the chipping-proof nature which is high-speed crisp processing which becomes as thickness 
equivalent to said 20 - 60% of whole thickness, and was excellent in the thickness of the above-mentioned 
lateral part. 

[0006] In addition, the relative specific gravity difference rate and relative thickness rate to the 
above-mentioned inside section of the above-mentioned lateral part in the above-mentioned superhard 
base which constitutes the covering carbide gear cutter of this invention are defined based on an 
experimental result, therefore, the percentage of a relative specific gravity difference with said inside 
section of said lateral part is less than 5%, or Moreover, it is what becomes ** which rotational-vibration 
blurring generates at the time of high speed cutting even if this exceeds 10%. Furthermore, the relative 
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thickness rate of said lateral part at least less than 20% of whole thickness from the ability of the desired 
rotational-vibration blurring suppression effectiveness not to be acquired at the time of high speed cutting, 
even if this exceeds 60% The rate of relative thickness was determined for the rate of the relative specific 
gravity difference of said lateral part as 20 - 60% of whole thickness 5 to 10%, respectively. Moreover, having 
limited the average thickness of the hard enveloping layer which similarly constitutes this to 0.5-7 
micrometers will be based on the reason for becoming easy to generate a chipping in a cutting blade edge 
line part, if the wear-resistant improvement effectiveness of a request of the average thickness in less than 
0.5 micrometers is not acquired but the average thickness exceeds 7 micrometers on the other hand. 
[0007] furthermore, as a hard enveloping layer which constitutes the covering carbide gear cutter of this 
invention Empirical formula: (Ti1-XAIX) N and ** (Ti1-XAIX) C1-YNY (however, by the atomic ratio) X — 
0.35 to 0.70, and Y — 0.5-0.99 — being shown — below compound nitride [of Ti and aluminum that it has (Ti, 
aluminum) Application of the hard enveloping layer which consists of either of] and compound carbon nitride 
[CN (Ti, aluminum) shows hereafter] which are shown by N, a monolayer which consisted of both, or a double 
layer is desirable. 
[0008] 

[Embodiment of the Invention] Below, an example explains the covering carbide gear cutter of this invention 
concretely. First, WC powder which all has the mean particle diameter of 1 -3 micrometers as raw material 
powder, TiC powder, ZrC powder, VC powder, TaC powder, NbC powder, and Cr3 C2 Powder, Prepare TiN 
powder, TaN powder, and Co powder, and blend these raw material powder with the combination 
presentation shown in Table 1, it carries out wet blending with a ball mill for 72 hours, and it dries. Mixed 
powder A-E for inside section formation and mixed powder a-e for lateral part formation are prepared. 
Subsequently It is the combination shown in Table 2 in these mixing powder, and they are 100MPa(s). Carry 
out press forming to the green compact of the relative thickness similarly shown in Table 2 by the pressure, 
and this green compact is sintered on condition that maintenance at temperature:1400 degree C among a 
6Pa vacuum for 1 hour. The 125mm round bar material made from cemented carbide is formed, 
outer-diameter: — diameter of 85mmx feed hole: — 40mmx die-length: — By machining, it has an 
outer-diameter:80mmx die-length:120mm overall dimension from this material, this invention superhard base 
A-1 to A-8 and the comparison superhard base a-1 to a-4 which had the solid hob configuration shown in 
drawing 1 of three-article right twist x20 slot, and had the inside section thickness and lateral part thickness 
which are shown in Table 2 still the more nearly same were manufactured, respectively. In addition, as for 
inside [ it is the relative specific gravity difference rate and relative thickness rate of a lateral part of 
cemented carbide which all constitute this ], one of rates separates from the comparison superhard base 
a-1 to a-4 from the range of this invention at least. Moreover, the relative specific gravity difference rate 
and relative thickness rate of a lateral part of a superhard base were shown in Table 2. 
[0009] These superhard bases A-1 to A-8, and a-1 to a-4 in subsequently, the condition of having cleaned 
ultrasonically and dried in the acetone It inserts in the usual arc ion plating system shown in drawing 2 in an 
approximate account Fig., respectively. Equipping with the Ti-aluminum alloy which had various component 
presentations as a cathode electrode (evaporation source) on the other hand, exhausting the inside of 
equipment, and holding to a 0.5Pa vacuum After heating the inside of equipment at 500 degrees C at a 
heater, introduce Ar gas in equipment and it considers as 10Pa Ar ambient atmosphere. Impress the bias 
voltage of -800V to a superhard base in this condition, carry out Ar gas BOMBATO washing of the 
superhard base front face, and subsequently to in equipment, as reactant gas, while introducing nitrogen gas, 
or methane and nitrogen gas and considering as a 6Pa reaction ambient atmosphere Lower the bias voltage 
impressed to said superhard base to -200V, and arc discharge is generated between said cathode 
electrodes and anode electrodes. By vapor-depositing the hard enveloping layer which consists of N (Ti, 
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aluminum) layer and/or (Ti, aluminum) CN layer of the target system which has and is shown in Table 3 on 
said superhard base A-1 to A-8, and each front face of a-1 to a-4, and target thickness this invention 
covering carbide gear cutters 1-8 and the comparison covering carbide gear cutters 1-4 were manufactured, 
respectively. 

[0010] In addition, when cross-section measurement was carried out [ presentation / of a hard enveloping 
layer / thickness / the ] using the scanning electron microscope about above-mentioned this invention 
covering carbide gear cutters 1-8 and comparison covering carbide gear cutters 1-4, using Auger-analysis 
equipment, the same values (the average thickness of the five-point average about thickness and 
comparison) were substantially indicated to be a target system and target thickness, respectively. 
[0011] Next, use above-mentioned this invention carbide gear cutters 1-8 and comparison carbide gear 
cutters 1-4, and it is made the low alloy steel whose quality of the material is JIS-SCr420H. Module : A 1.75, 
pressure angle:17.5 degree, and number-of-teeth:33 and angle-of-torsion:36-degree left twist, Tooth 
depth : processing of a gearing with a dimension and a configuration (5.86mm and face-width: 15.5mm) 
Cutting speed (rotational speed): It carried out on the high-speed crisp processing conditions of 450 m/min, 
delivery:3.2 mm/rev, a processing gestaltcrime, shift nothing, and dry cleaning (Ayr blow) **, and the number 
of gearing processings until flank wear width of face results in 0.10mm (use life) was measured. This 
measurement result was shown in Table 3, respectively. 
[0012] 
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a fit 


( It £ % ) 














Co 


TIC 


ZrC 


VC 


TaC 


NbC 


O3C1 


TIN 


TaN 


WC 


(g/cm a ) 


m 


A 


13. 0 


6. 6 


2. O 




1. 5 


10. O 




1. 5 




a 


11. 2 


a 
m 


B 


13. 5 


5. 0 


1. O 




2.0 


9. O 


2. O 


1. 5 


1. 0 


a 


1 1. e 


* 
m 


C 


12. O 


7. 5 


2. 5 




7. 6 


1. 5 


3. O 


0. 5 


2. 5 


a 


11. 7 


;I 


D 


12. O 


10. O 






10. O 


1.0 




1. 0 




a 


11. 8 


ft 

* 


E 


8. 0 








2. 0 




O. 5 






a 


14. 8 


«• 
M 




20. 0 


17. 0 




0. 3 






O. 3 






a 


10. 2 


SB 




16. 0 


9. O 


3. O 






8. 0 


2. 0 


Z. 0 


3. 0 


a 


10. 4 


* 

m 




17. 0 


14. 0 






4.0 


1. 0 




1. 0 




a 


10. 9 


'I 
i 


d 


15. 0 


11. 0 


1. 5 


0. 5 


4. 0 


3. 5 




0. 5 


1. 5 




11. 0 




13. 5 


2. O 




0. 5 






0. 5 






a 


13. 7 



[0013] 
[Table 2] 
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(mm) 


mi 

(mm) 


AWt 
J±££ 

(%) 


n*§3 

<D«*f 

JiS 

£l£ 

(%) 




A-1 


A 


a 


15 


5 


9 


25 




A-2 


A 


b 


14 


6 


7 


30 


* 
ft 
m 

a 

* 


A-3 


B 


b 


13 


7 


10 


35 


A-4 


B 


c 


12 


8 


5 


40 


A-5 


C 


c 


1 1 


9 


7 


45 


A- 6 


c 


d 


10 


10 


6 


50 




A-7 


D 


o 


9 


11 


8 


55 




A— 8 


E 


• 


a 


12 


7 


BO 




a-1 


A 




12 


8 


38 


40 


« 
& 


a-2 


C 


a 


12 


8 


13* 


40 


& 


a-3 


D 


d 


16 


4 


7 


20K 


* 


a-4 


D 


d 


7 


13 


7 


65ft 
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[Table 3] 

















as 


mm 


mm 


fflSJuitt 






s# 

IB^ 




as 


swaifccnjmt) 




(» 








n 


Al 


C 


N 


■« 

(cm) 


Ti 


Al 


C 


N 


mw 

<Mrr>) 








A-1 


0. 30 


0. 70 




1. 00 


0. 6 












1270 


* 
* 


2 


A-2 


0. 55 


0. 45 




1. 00 


2. 0 












13Z0 


» 


3 


A-3 


0. 45 


0. 55 


0. 05 


0. 95 


4. 0 












1500 


a 

s 
« 

« 


4 


A-4 


0. 50 


0. 50 


0. 20 


0. 80 


7. 0 












1380 


5 


A— 5 


0. 65 


0. 35 




1. 00 


2. 0 


0. 35 


0. 65 




1. 00 


2. 0 


1620 


6 


A-6 


0. 35 


0. 65 


0. 20 


0. 80 


3. 5 


0. 55 


O. 45 


0. 50 


0. 50 


2. 6 


1200 


i 
ji 


7 


A-7 


0. 60 


0. 40 


0. 50 


0. 50 


1. 0 


0. 65 


0. 35 




1. 00 


4. 0 


1500 




8 


A-8 


0. 40 


0. 60 




1. 00 


1. 6 


0. 50 


0. 50 


0. 10 


0. 90 


1. 5 


1460 


a. 


1 


a-1 


0. 55 


0. 45 




1. 00 


2. 0 












480fflt?ffifflSFlfr 


ttft 
»« 


2 


a-2 


0. 50 


0. 50 


0. 20 


0. 80 


7.0 












530fflT?ffiffl*Kfr 


ii 

HA 


3 


a-3 


0. 35 


0. 65 


0. 20 


0. 80 


3. 5 


0. 55 


0.45 


0. 50 


0. 50 


2. 5 


68018-Cttffl** 




4 


a-4 


0. 40 


0. 60 




1. 00 


1. 6 


0, 60 


0. 60 


0. 10 


0. 90 


1. 5 


620«U«jfi## 



[0015] 

[Effect of the Invention] this invention covering carbide gear cutters 1-8 from the result shown in Tables 2 
and 3 Generating of rotational-vibration blurring at the time of high speed cutting can be controlled by 
making into a proper value the relative specific gravity difference rate and relative thickness rate of a lateral 
part of a superhard base that all constitute this. As opposed to continuing at a long period of time and the 
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abrasion resistance which does not have generating of a chipping in the cutting blade edge line part 
especially in a tooth flank, and was excellent in it from the angular moment stabilized extremely coming to be 
obtained coming to be shown If either separates from the range of this invention at least as for inside [ it is 
the relative specific gravity difference rate and relative thickness rate of a lateral part of a superhard base ], 
so that the comparison covering carbide gear cutters 1-4 may see It is clear to be unable to control 
generating of rotational-vibration blurring at the time of high speed cutting, but for a chipping to occur in a 
cutting blade edge line part owing to this rotational-vibration blurring, and to result in a use life 
comparatively as a result for a short time. As mentioned above, since the covering carbide gear cutter of 
this invention shows the chipping-proof nature which was especially excellent also in high-speed crisp 
processing of gearings, such as high degree-of-hardness steel, not to mention crisp processing on the usual 
conditions of gearings, such as low alloy steel, and continues and demonstrates the outstanding abrasion 
resistance at a long period of time, they are laborsaving and energy saving, and the thing that can respond to 
low cost-ization enough further at satisfaction at improvement in the speed of crisp processing, and a list. 



[Translation done.] 
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[0023] 

[Table l] 





Components (wt%) 


pt Component 
Excluding WC 


Ms 

(%) 


He 
(Oe) 


Co 


WC 


TiC 


TaC 


NbC 


Other 
Added 
Substances 


Total 
(wt%) 


Amount 
of TiC 
(wt%) 


Example 1 


8 


70 


10 


12 






22 


45 


85.0 


280 


Example 2 


10 


68 


10 


8 


4 




22 


45 


82.3 


245 


Example 3 


10 


67.6 


10 


8 


4 


Cr 0.4 


22 


45 


86.8 


275 


Example 4 


13 


65 


10 


12 






22 


45 


84.1 


191 


Example 5 


13 


64.4 


10 


12 




Cr 0.6 


22 


45 


86.5 


182 


Example 6 


12 


64 


9 


10 


5 




24 


37.5 


80.5 


240 


Example 7 


12 


63.8 


9 


10 


5 


Cr 0.2 


24 


37.5 


79.5 


253 


Example 8 


12 


68 


11 


9 






20 


55 


78.4 


248 


Example 9 


12 


67 


11 


9 




Cr 1.0 


20 


55 


78.1 


260 


Example 10 


12 


67.5 


11 


9 




Cr 0.5 


20 


55 


78.0 


261 


Example 11 


10 


74 


8 


7 




TiNl 


16 


50 


83.0 


238 


Example 12 


13 


59 


12 


14 




TaN 2 


28 


42.9 


83.5 


218 


Comparative 
Example 1 


7 


71 


10 


12 






22 


45.5 


84.0 


289 


Comparative 
Example 2 


15 


63 


10 


8 


4 




22 


45.5 


83.5 


205 


Comparative 
Example 3 


10 


75 


5 


10 






15 


33.3 


85.0 


241 


Comparative 
Example 4 


10 


59 


14 


16 




TiN 1 


31 


45.2 


79.0 


262 


Comparative 
Example 5 


12 


65 


11 


8 


4 




23 


47.8 


94.2 


220 


Comparative 
Example 6 


12 


62 


11 


8 


4 


Cr 3.0 


23 


47.8 


87.0 


190 


Comparative 
Example 7 


12 


65 


11 


8 


4 




23 


47.8 


76.5 


260 


Comparative 
Example 8 


12 


68 


11 


9 






20 


55 


95.0 


160 


Comparative 
Example 9 


9 


68 


9 


14 






23 


39.1 


84.8 


170 


Comparative 
Example 10 


8 


69 


9 


14 






23 


39.1 


78.1 


310 


Comparative 
Example 11 


13 


59 


7 


21 






28 


25 


84.2 


220 


Comparative 
Example 12 


13 


59 


18 


20 






28 


64.3 


81.3 


235 



